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Steven James Chadban, Greg Hans Tesch, Rita Foti, Robert Charles Atkins, 
and David John Nikolic-Paterson 

Department of Nephrology, Monash Medical Centre, Clayton, Victoria, 
Australia 

Macrophages are involved in the pathogenesis of mesangioproliferative 
glomerulonephritis. As macrophages are known to produce interleukin-10 (IL- 
10), we investigated the effect of recombinant murine IL-10 (rIL-10) on 
mesangial cell growth. In vitro studies were performed using the rat 1097 
mesangial cell line. These cells exhibited a dose-dependent proliferative 
response to rIL-10 (23 % to 70 % at 80 ng/mL; p < 0.01), as assessed by both 
3H thymidine uptake and cell count. This effect was inhibited by 
preincubation of rBL-10 with a neutralizing anti-IL-10 antibody. When added 
to cultures of growth-arrested 1097 cells, IL-10 induced dose dependent 
proliferation that paralleled the effects of platelet-derived growth factor. 
Incubation with a neutralizing anti-IL-10 Ab for 48 hours reduced 3H- 
thymidine uptake (median, 27% ; range, 2% to 56% ) versus a control Ab; p < 
0.05). Rat mesangial cells were also shown to express IL-10 mRNA and 
protein, as determined by Northern blotting and immunostaining, thereby 
suggesting a role for IL-10 in autocrine mesangial cell growth. To examine the 
effects of IL-10 in vivo, inbred male Sprague-Dawley rats were given 
subcutaneous rIL-10 (0.5 mg/kg) for 3 (n= 6), 7 (n= 3), or 14 days (n= 4), or 
vehicle control, then killed. IL-10 administration induced a transient reduction 
in creatinine clearance of 35% at Day 3 (p < 0.01). Following IL-10 
administration, an increase in glomerular cellularity was seen, which was 
maximal at Day 3 (82.7 ± 5.9 nuclei/glomerular cross section versus control 
64.6± 4.6, 28% ; p < 0.001) and maintained at Day 14 (23 % ; p < 0.01). 
Immuno histochemical staining for proliferating cell nuclear antigen 
demonstrated an increased number of proliferating cells per glomerular cross 
section at day 3 (48 % versus controls; p < 0.05). Staining for alpha-smooth- 
muscle actin showed significant labeling only in the glomeruli of EL-10- 
treated animals; double-labeling with an anti- proliferating cell nuclear antigen 
Ab demonstrated that some of these mesangial cells were proliferating. 
Collectively, these results suggest that IL-10 is a growth factor for rat 
mesangial cells both in vitro and in vivo. (Lab Invest 1997, 76:619-627) 
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Direct protective effect of interleukin 10 on articular 
chondrocytes in vitro 
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Objective To assess whether interleukin 10 (IL 10) is 
chondroprotective in vitro 

Methods Chondrocytes were isolated from femoral cartilage of 
rats (7-10 days) by digestion with collagenase 11 The first 
passage cells were grown in 24 well plates with DMEM, 
supplemented with 10% fetal bovine serum, for 2-4 days The 
cells were then cultured in 0 1% fetal bovine serum DMEM 
medium, and given respectively interleukin 1 (IL 1) 100 u/ml, 
1L 1 100 u/ml+recombinant murine interleukin 10 (rmiL 10) 20 
ng/ml, rmIL 10 20 ng/ml, and cultured for 48 hours Scanning 
electron morphology and immunohistochemical study of nitric 
oxide synthase 2 and matric metal loproteinase 3 mRNA in situ 
hybridization were performed Cell proliferation and 
morphology were observed under inverted microscope from the 
beginning of cell culture for three weeks 

Results IL 1 stimulated granule production in the cytoplasma 
oTchondrocytes, and the cells died in the second and third 
weeks of culture IL 10 antagonized IL 1, protected the 
cells from death and maintained chondrocyte proliferation 
Scanning electron morphology showed that IL 1 stimulated the 
formation of numerous microvilli on the cell surface, while 
thin and less numerous microvilli were found in cultures with 
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IL 10 Immunohistochemical study and in situ hybridization 
showed that IL 10 inhibited N0S2 and MMP3 expression 

Conclusion IL 10 not only inhibits the synthesis of 
inflammatory cytokines, but also directly protects chondrocytes 
by antagonizing IL 1 



Chin Med J 2001; 1M(7):723 725 



Tnterleukin (TL) 10 is a potent anti inflammatory cytokine 
It inhibits the production of a wide range of cytokines such as 
IL 1 ? TNF a, and granolocyte macrophage colony stimulaling 
factor (GM CSF) 1,2 It also has been shown to induce 

immune suppression via the Inhibition ofMHC class II 
expression, effeting anti inflammation IL 10' s effects 
in these areas involve hematopoietic cells including 
monocytes/macrophages, polymorphonuclear leukocytes, and Thl 
and Th2 cells IL 10 has also been shown to influencethe 
f unc t i on s of non hemat opo let ic cells 3 5 Stud i e s 

indicate that IL10 has potential therapeutic uses in the 
treatment of chronic inflammatory disorders such as rheumatoid 
arthritis and osteoarthritis 6, 7 Besides its effects on 

h pmn t o r, o 1 e 1 1 c c e 1 1 s, whe t her I L 10 ha s any d i r ec t e f f e c t s on 
chondrocytes is an important question in its future clinical 
n & t h r»n v t i m c m nf t }i i « study was t o e x am i n e t h e dire c t 
effect of IL 10 on chondrocytes 



METHODS 

Chondrocyte preparation 

C ho n d r o c v t e s w ere o b t a i n e o i r om 
birth Cartilage from femoral condyles was collected, and 
chondrocytes were isolated by digestion with type II 
collogenase for 4 hours at 37°C The cells were grown in 
• | cii\\nr& flasks tor* iainin* 7 DMEM medium, supplemented wim 
10% fetal bovine serum, and kept in a 37°C humidified incubator 
with 5% CO 2 for 7~10 days The first passage cells were then 
transferred to 24 well plates with glass cover slips for 
n i r i h#i r < v i « i ' h v i n & 1 n t hp same med 1 urn and en v i r onmen i i or 
days The cells were incubated in DMEM with 0 1% fetal bovine 

« orum. with kptv* r m t n rn~ m i n. c ; r n r.n i v i n g t h n f n i i ow i n g r.y t n if i n r 

for further investigation: IL 1 100 p/ml (Zhongshan Co Ltd, 
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Rpijing, f.hinn); II. 1 100 n/ml-frm II. 10 /.f) n^/ml (Povnrntrrh, 

England) ; and rm IL 10 20 ng/ml 



Morphological observation 

Cell morphology was observed under an inverted microscope 
(Olympus) from the beginning of the cell culture for 3 weeks 
After 48 hours of culiurins with cytokines, scanning electron 
microscopy was performed 

Immunoh i s tochemi s try 

Chondrocytes cultured for 48 hours with cytokines were fixed in 
1 : 1 methanol : acetone and blocked with serum Then, they were 
labeled with rabbit anti rai nitric oxide synthase 2 (N0S2) 
for 30 minuLes at 37°C and washed in BPS and endogenous 
peroxidase inactivated in 0 3% H 20 2 in methanol They 
were then incubated with biotin conjugated goat anti rabbit 
TgG followed by streptavidin peroxidase complexes, and 
developed with DAB to produce a brown color 

In situ hybridization 

Centrocytes cultured for 48 hours with cytokines were fixed in 
1 I 1 methanal : acetone, washed in BPS with DEPC, digested with 
protainase K, and further fixed in paraformaldehyde Then, 
they were washed in BPS with DEPC, hybridized with digoxigenin 

labeled probes [ma trie metalloproteinase 3 (MMP3) 1 1 Kb 
Peking University Medical Center, China] overnight at 48°C, 
and then incubated with alkaline phosphatase labeled anti 
digoxigenin Fab segments (1 I 500) for 30 minutes at 37°C and 
developed with nitroblue tetragon um salt and 0 bron -i 
chloro 3indllyl phosphate indimethyle'formamide overnight at 
room temperature in a dark room 



RESULTS 

Chondrocy te morphology 

Inverted microscope view 

Chondrocytes cultured with IL 1 showed many granules In their 
cytoplasm in thefirst week, while other cells took on clear 
nppnnrnnoo^ in t.ho r.ncond and third v/nokr,, ninrsy f,f;M^ diod in 
the culture with IL 1 There was less or no cell death in 
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proliferation could still be seen in cultures with IL 1+IL 10 



Scanning electron microscopy 

Chondrocyte cul I -red for 48 hours with IL I sho-ed numerous 
microvilli protruding from tiieir cell surfaces Short and thin 

1+IL 10 or IL 10 alone 

Immunohis tochemis try 

Strong expression of nitric oxide synthase appeared in cells 
cultured with IL i However, cells cultured with IL 1+IL 10 
or IL 10 alone showed decreased expression and they were clear 
in appearance 

In situ hybridization 

Si,r(;;;g ;:xprt;;;r; : rsssivS ;ippi;;iri?d in S L::r;:ii ;v i Lh IL 1 

Cells culturedwith IL 1+IL 10 or IL 10 alone showed 
decreased MMP3 expression 



DISCUSSION 

IL 10 is a product of Th2 cells, monocyi.es and B cells 1 It 
has been shown to exert a number of immunoregulatory and anti 
innovatory effects IL 10 inhibits the synthesis of IL 1, 
IL 6, IL 8, and TNF a by activated macrophages, 2 and 
downr emulates MKC II expression 5 Moreover, IL 10 inhibits 
uiatric iiietalloproleinase 3 production 8 and N0S2 expression 
9 All these factors have been demonstrated to induce 

;;;i:*l I Ligi; ;li::;L;iii;Li;;;i in rhc:ii:;:;it;; : d urihr \ I i r. 

osieoarthri lis 

IL 10 has been shown to be chondroprotective, 6 and »n«y have 
a potent effect antagonizing inf lawwatory cytokines in 

Hs::::!:k:.:,;j::j ~* i,h r i I. ; y* i.i:;;:: r lUr : :. : i.;:;:r;i:;y i;; i.r:;: i*!;lnr;; 

Previous studies have shown that the effect of TL 10 on 

hematopoietic cells is indirect Neutralising endogenous IL 

10 results in an increase of IL 1 and TNF a release by 
;;yr:,':v :;:.! r.r.W:; i r: i.hr : i ;:g,':n : ?:,'i::r.;*d ::ri.hr::.:N wr.'Ar.i. W. 

10 with TL A reduces mononuclear cell infiltration and 
decreases cartilage destruction It has been demonstrated that 

li, :0 r.r.ii r;: .i'i,;;:: r i. ! : ::r;::;:;in hy ! i ::!:.: 

mononuclear cell recruitment in vivo 6 These studies 
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indicated that IL 10 indirectly protects cartila-e by 
regulating heiuutoyoie tic cells Whether IL 10 has any direct 
effects on chondrocytes is unknown 

This paper has demonstrated thai IL 10 has a direct 
chondropro tec Live effect In our experiments, IL 10 
antagonized TL I and protected chondrocytes from destruction 
and maintained cell proliferation The expression of N0S2 and 
MMP3 downrenulated The mechanism renins unclear, bill one 
explanation wight be that IL 10 stimulates the synthesis of IL 

1 receptor antagonists (IL Ira), Induces the expression of 
the tissue inhibitor of metalloproteinase 1 (TIMP 1), Sand 
acts as a growth facor 4 

IL 1 stimulates nitric oxide synthase and MMP expression, 
which plays a key role in cartilage degradation in rheumatoid 
arthritis and osteoarthritis This paper ^rovid^^ the first 
evidence that IL 10 directly antagonizes IL 1 and has a 
protective effect on chondrocytes, Hiving new information for 
future clinical application in rheumatoid arthritis and 
osteoar tiiri tis therapy 

Different effects of IL 10 on different ceils have been 
reported previously IL 10 has been shown to slow the growth 
of T cells, bat stimulate the growth of B cells and mesan/ual 
cells IL 10 also regulates ciiemokine release by mononuclear 
cells and fiberoblasts It even regulates the same cell In its 
various stages 10 In the present study, it was shown 

that IL 10, even though chondroprotective, induced some N0S2 
and MMP3 expression, though not sufficient to cause cell damage 

This fact indicates that IL 10 may have dual or 
contradictory effects on the cell 
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